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(54) CnOCOB BOCCTAHOBJIEHMH rEPMETHWHOCTO 3 AK OH OH HO ro nPOCTTAHCTBA 
(57) Ateto-act: 

HcuontooBaHiie: npH pcuoHTHO-B3onHipiOHHb(x paoorax. 06ecne^HBae-r noiumcHu; 9$$eKTtiBH0cii cuooo6o. 
CymHocn. B3o6peTemvi: no cnocooy ocymecraronoT yoenmemte pftsuerrpa i 
iDOJummi. flaauerp kojiohhu yDejuraroajoT 3a ever yBe/nr«HBar>meacR 

paspymaiomefl cmoch (HPC). Ee MKaHKBmoT b Honorary H cooflasor uoc-r n mrrrpuajie 
□. Q-ma, 1 xa6n. 
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Description [Oncanc ■3o6pe-remn|: 
Itoo^percHHc on 



npocTpaHCTBa nyreu cm^amat 
mo k saKonoHBouy npocrpaacrsy 
i KipwuaHHCM aapnnaj. nponcxo«HT HaflyuaHHe o6ca«Hoft KQnoraibi h 
rananujiH Daaopa uexffy KanoHHOfl h UfiuamthTu Kr " ■ 




d d cnoco6c BoccrasoanoosH r 

i HHTcpBane K3CJifngm fluaMerp i 

,*ca b o6beue iipa Taeppfisam Henaptn-waToft pa-jpymaiomefl c 
(HPC) |31. KOTopyro 3aica<oiBajOT b KonoBHy a croflaioT moct b HHTepsane joajianpH. IlpH zrou n Ka<ie 
HPC Hcn<wib3yi0T cucct trawxrrKOByio ftriH ropnux h fiypouhix pa6oT (CHTB) 

YcneinaocTb pcMoirnio-HooJLfujviomajx pa6or 
npeobtmaer 60%. 3to o6-i»ncHHeTcH Ten, ir 

njMeHTabi« pacraop m pacTBopu cuon) odnaflaiOT o6rojiu Rc^ocTa-rKou - ycafloiaocTtJO. 
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n P H TypCyncarHOM pcsHuc kos^hubcht conpoTHBneBHH onpefltrunoT no 

*° PM,7IC: a « /" ' SaAWucn raoioBNUB OHatjeHHjnui: v - 0J5' 10 V/c; d - 0.168 u; 5 . 0,1 in 

- 10- * w; grad P - 4« 10 s na/u. 

CacreMa ypaaicHKfl /2-4/ pemaercH urrofiou noflfopa. 

Taioiu o6pa30M. nepca aaaop 0.1 u npB rpaflHeHTe ntmnama 4 Mlla/u k mrrepBajiy ncp^mpaura uosct 
nocryna-rt. Mtono 22 m 3 bo^m b cyTKH. 

noBbnnomc flaanoDiH a ofcaRHofl ikuiohhc nprcnoHBT k yBejnraonpo ee fluawrcrpa. Paciau noxaabiBajor Ba 
cKonuo HywHO noBWCHTb flaanante n nonome, uto&j ee BHennmfl paRHyc yBenHwncH Ha 0,1 uu jyw 
nepotpbiTttH iciKpo3a3opa. 

♦opwyna «nn paflManbHbuc nepeaicmcsiifl HapyMHOfl ctchkh Tpy&j do riaflane Jlnue hwictt bba /5/ 
r r z _ P r * r _ T a -Kos^HnjteHT IlyaocoBa. u - 0.25; E -uajxyra, 



ynpyrocTU fl/M era™, E - 2.1.10'MIIa; P, -DHyrpeaHec pfianaisK, MTIa; P, 
Mna; r , -BHyTpeHHHB paflayc Tpyfiu. ic r 2 -BHemHHfl paflHyc TpytSu, u. r 2 -d/r. 

nycn. P, - PjfP.^ aria PrPj-P.^. 

r>je P.^ « mOuToqBoe nasn 

Tor«a .fropuyjia /5/ 



2 1 

ripu B " 10" 4 u: P a - 20 MTIa: r, - 0.078 u: r, - 0.O84 w. 



1-0,075 •0,0*4 



Pt^ =33.7 Mna. 



a wreamy oOcanaoa kojiohhoh u ucuoithuw Konbopu cymecrByer saoop 
o u nonoHHC craflaTt. flaancHHC 33.7 Mna h 3a.iop 6yp,ex nepeapwx sa cier 
yBeraroeHBH aueumero nnaMeTpa hojiohhm. Taioe flanneHHe n «awe 6anwnee uoxeo cawm, nyrew 
pa3McmamH n Konomir uocra 10 nnopuuumj paspymanmcfl cwecw /UPC/ n b qacTHocm cmcch 
rcjuccTKoma ;ym ropin.ix m fjopnwjx pafkyr /CWTB/ (6|. 

bchhh npo«Dtfcix xpyinuix uaxepBanoe (cKa/iuaue copo^w), 
at KJiaflOK, /yin pp6himt npapo^Horo naunn. 

HPC <tam;e sctro npeHCTaanraor co6oa noponmoo6pa3Hhic HcropnioK h HCB3pb(BDanacHbie uaTtpnaraj. 
flaionnie c DOflofl moioTOyio peaiUHio (pH-12). ripn curwsmsanm noponma HPC c BOfloa oGpasyercH 
cycnen3HH (paoonaa cmoo,). KoropaH. oypyia aaraxan b nmyp. <wejiaBHMfi s oGbexre, noRnusamcw 
pa3pymcHHio, c i-cwomcm Bpeueira cXBaTUBaercn, TBepp,e*T, o«HOBpeueaHo yBejimniBaficb u ofrbeue. 
yBejuneHHe ofrbCMa - cnepproK rapp&nnjni KounoKeirroB, oxofldnnoc b oocras HPC. npm»;prr B 
pa3BBTmo is mnypc rHHpa-raUHOHHoro HaBjiamn (60/iee 40 Mna). nofl fleiScitweM rnnpaTainioHHoro 
flaaneHBH b Tene o6teiTa pa3BHBaH>TCfl BanpHaeHna, npaBOflamae x 



Ilp<Wiar-aeMM« ciiocoti H3onHUHX oaxonoHHoro npocTpaBcTBa ocymecTBjimoT cnenyiomHu t>6pa30M. 

B cnuajKHHy cnyocaioT Kojiomry MKT c Tauoaj pacmnw, utoom mracHHH kohoj HaxoflBjicn Ha 10-20 u mmc 
HHTepiiana nepijiopamni iiponyKTmmoro luiacra. Bo36yKflaiOT qnpnynHUHio h rrpouuBa»T cKBajKHHy boaob. 
oxnajKfltHHon ao o-io°c. 
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3aTBopn»T UPC ua uopfi c TewnepaTypofl O-10°C. 

npa orapbiTOM 3a-rpy6nowi npocTpararrac o HKT aaitannnaiOT cycnonaio HPC e o&beue. I 
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Claims [Oopuyna naoGpe-reHHH]: 



1. Cnoco6 DoocTaaoivicHnH rqnccTHWHOCTn saxonoHHoro npocTpancTBa nyreu yBenmeHxa pfsautrrpe 
KonouHbi b HH-rcpeanc iocuihuhh, orjumaioimriteH Ttu, uro ^Havierp kojiohhu yeenmBBaiOT oa cnrr 
yBemronjajomcftcH u ofioOuc npa TsepneHmt HeropUBuaToft pa3pymaiomefl cuecn (HPC). Roropyn 
3aKannBaioT b KonoHHy. h cto^aioT uoct b mrrepsane hscjihhuh. 

2. Cnoco6 no n. 1, OTjanajonnrtcn tcm. tto b Kaxecrroe HPC BcnojiKiyiOT cucct Haoec-ntouyio nnn ropnux b 
6ypoBbot pa6or (CHTB). 
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Drawlngfa) IWepreacal: 



XapaKTepMCTMica HPC 



XapaiaepHCTMKa 



1. BoflocMeceBoe oTHotueHMe cycnen3nn 

2. Pacxofl nopoima. tohh Ha 1 m o&beiua 

3. PacreiaeMOCTb no KOHycy A3HMH, cm 

4. ITnoTHocTb cycneH3MH, t/cm 3 

5. 3arycreBaeM0CTb. npM TeMneparype 20-25 rpawycoB C mmh 

6. CqenneHMe ksmhr c Tpy6oM, MRa 

7. ConpoTHBnenne ksmhh cpvuibTpaunfl boau, Mna 6o/iee 

8. Rasneme npH pacujupeHHH. Mf1a 



0,3-0.5 

1,8 
20,0-25.0 

1,8 
120.0 

5.0 

60.0 
flo45.0 
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Description: 

This invention is in the area of insulation repair operations, i.e., it is related to the 
methods of restoration of the air tightness of the casing clearance. 

There is a known method of restoration of the air tightness of the casing clearance, which 
consists of the creation of excess pressure inside the casing string with respect to the 
casing clearance (by means of the injection of liquid or by means of the explosion of a 
blasting charge). This leads to the expansion of the casing string and the elimination of 
the gap between the string and the concrete block [1]. 

The deficiencies of the analogous method lay in the fact that, firstly, the creation of 
excess pressure by means of the injection of liquid causes damage of the string not only 
in the interval which contains concrete in its ring space but also in intervals where there is 
no concrete. This is dangerous for the integrity of the casing string. Secondly, the 
explosion of the blasting charge is a process, which is hardly controllable, which may 
lead to the damage of the string and the concrete block. 

Closest to the invention with respect to its technical merit is the method of removal of the 
excess casing clearance by means of increasing the diameter of the string beyond the 
elastic deformations in the interval of insulation [2]. The increase in the diameter of the 
string is achieved by means of the hydraulic effect on the string in the interval of 
insulation. 

The deficiency of the known method lays in the great labor input necessary for the use of 
parquet [sic] equipment, which, as a rule, is not highly reliable. 

Our task is to increase the efficiency of insulation repair operations while simultaneously 
reducing labor input. 

This task is achieved by means of the following: in the method of restoration of the air 
tightness of the casing clearance by means of the increase of the string's diameter in the 
insulation interval, the string's diameter is increased by means of the use of non- 
explosive breaking mixture [3], whose volume increases during hardening, where the 
mixture is injected into the string so as to create a bridge in the insulation interval. Here, 
a limestone mixture for mining and drilling operations is used as non-explosive breaking 
mixture. 

The success of the insulation repair work on the restoration of the air tightness of the 
concrete ring does not exceed 50%. This can be explained by the fact that the insulation 
materials used (mainly, concrete solution and resin solutions) have one common 
deficiency — they shrink. 
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During the operation of the drill hole, the air tightness of the casing clearance decreases. 
This happens as a result of the loads on the casing string and the concrete block. For 
example, it has been established that when the pressure in the drill hole is reduced, the 
strength of adherence of the concrete block to the string is reduced. All types of 
perforations also lead to the deterioration of the condition of the concrete ring. At the 
same time, it has been observed that, immediately in the intervals of perforation, the 
adhesion (contact) between the concrete block and the string is improved. The latter fact 
is explained by the increase in the force with which the string is pressed against the 
concrete as a result of the string's deformation. As a rule, disturbance of the string's 
contact with the concrete is also observed after molding of the casing string. Here, the 
greatest disturbances of contact are observed in the intervals of highly permeable layers 
and cavities. In layers with perched water, disturbances of contact following molding are 
observed most frequently in the area of contact between water and oil [1]. 

Let us evaluate by means of calculations the permeability for bottom water of the ring 
micro gap between the casing string and the concrete rock. The Darcy-Weissbach 
formula can be presented in the following manner [4] : 

[see original for formula] (1), where D is the inner diameter of the concrete ring, m; d is 
the outer diameter of the casing string, m; p is the pressure differential, Pa; X. is the 
hydraulic resistance factor; H is the length of the micro gap, m; Q is the water discharge, 
cub. m/day. Let us introduce the symbols D-d= 8; P/H = grad P, where 8 is the gap 
between the string and the concrete block, m; and grad P is the pressure gradient, Pa/m. 

Then formula (1) will look like this: [see original for formula] (2). For the determination 
of the hydraulic resistance factor, it is necessary to calculate the Reynolds' criterion, [See 
original for formula] (3), where v is the kinematic viscosity of the water (at 70 °C, v = 0.5 



In turbulent mode, the factor is determined based on the following formula: [see original 
for formula]. Let us assume the following numeric values: v = 0.5 • 10" 6 m 2 /c- d = 0 168 
m; 5 = 0.1 mm = 10" 4 m; grad P = 4 • 10" 6 Pa/m. 

The system of equations (2 - 4) is solved using the method of selection. 

In this manner, through the gap of 0.1 m, at a pressure gradient of 4 MPa/m, 
approximately 22 cub. m of water per day can permeate towards the perforation interval. ' 

The increase in the pressure in the casing string leads to an increase in its diameter. The 
calculations show by how much the pressure in the string should be increased in order to 
increase the string's outer diameter by 0.1 mm for the purpose of covering the micro gap. 

The formula of radial transposition of the outer wall of the pipe under Lame's 
problem (5) looks as follows: [see original for formula] where u is Poinsot's factor; 
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XapaiaepMCTMica HPC 




XapaiaepMCTviKa 


3HaneHMe 


1. BOAOCMeceBoe OTHOweHwe cycneH3MK 

2. Pacxofl nopoujKa, tohh Ha 1 m o&beiua 

3. PacTeraeMocTb no KOHycy AaHMH, cm 

4. rUlOTHOCTb cycneH3HM, r/CM 3 

5. 3arycTeBaeM0CTb. npw TeMnepaType 20-25 rpaAycoB C mmh 

6. CMenneHne ksmhh c Tpy6oK, Mria 

7. ConpoTHBJieHHe iqmhh cpnm>Tpam<fi boaw, Mna 6onee 

8. flaiwieHMe npM pacujHpeHMM, Mria 


0,3-0,5 

1.8 
20,0-25,0 

1.8 
120,0 

5,0 

60.0 
ZJO45.0 
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Description: 

This invention is in the area of insulation repair operations, i.e., it is related to the 
methods of restoration of the air tightness of the casing clearance. 

There is a known method of restoration of the air tightness of the casing clearance, which 
consists of the creation of excess pressure inside the casing string with respect to the 
casing clearance (by means of the injection of liquid or by means of the explosion of a 
blasting charge). This leads to the expansion of the casing string and the elimination of 
the gap between the string and the concrete block [1]. 

The deficiencies of the analogous method lay in the fact that, firstly, the creation of 
excess pressure by means of the injection of liquid causes damage of the string not only 
in the interval which contains concrete in its ring space but also in intervals where there is 
no concrete. This is dangerous for the integrity of the casing string. Secondly, the 
explosion of the blasting charge is a process, which is hardly controllable, which may 
lead to the damage of the string and the concrete block. 

Closest to the invention with respect to its technical merit is the method of removal of the 
excess casing clearance by means of increasing the diameter of the string beyond the 
elastic deformations in the interval of insulation [2]. The increase in the diameter of the 
string is achieved by means of the hydraulic effect on the string in the interval of 
insulation. 

The deficiency of the known method lays in the great labor input necessary for the use of 
parquet [sic] equipment, which, as a rule, is not highly reliable. 

Our task is to increase the efficiency of insulation repair operations while simultaneously 
reducing labor input. 

This task is achieved by means of the following: in the method of restoration of the air 
tightness of the casing clearance by means of the increase of the string's diameter in the 
insulation interval, the string's diameter is increased by means of the use of non- 
explosive breaking mixture [3], whose volume increases during hardening, where the 
mixture is injected into the string so as to create a bridge in the insulation interval. Here, 
a limestone mixture for mining and drilling operations is used as non-explosive breaking 
mixture. 

The success of the insulation repair work on the restoration of the air tightness of the 
concrete ring does not exceed 50%. This can be explained by the fact that the insulation 
materials used (mainly, concrete solution and resin solutions) have one common 
deficiency — they shrink. 
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During the operation of the drill hole, the air tightness of the casing clearance decreases. 
This happens as a result of the loads on the casing string and the concrete block. For 
example, it has been established that when the pressure in the drill hole is reduced, the 
strength of adherence of the concrete block to the string is reduced. All types of 
perforations also lead to the deterioration of the condition of the concrete ring. At the 
same time, it has been observed that, immediately in the intervals of perforation, the 
adhesion (contact) between the concrete block and the string is improved. The latter fact 
is explained by the increase in the force with which the string is pressed against the 
concrete as a result of the string's deformation. As a rule, disturbance of the string's 
contact with the concrete is also observed after molding of the casing string. Here, the 
greatest disturbances of contact are observed in the intervals of highly permeable layers 
and cavities. In layers with perched water, disturbances of contact following molding are 
observed most frequently in the area of contact between water and oil [ 1 ] . 

Let us evaluate by means of calculations the permeability for bottom water of the ring 
micro gap between the casing string and the concrete rock. The Darcy-Weissbach 
formula can be presented in the following manner [4] : 

[see original for formula] (1), where D is the inner diameter of the concrete ring, m; d is 
the outer diameter of the casing string, m; p is the pressure differential, Pa; X is the 
hydraulic resistance factor; H is the length of the micro gap, m; Q is the water discharge, 
cub. m/day. Let us introduce the symbols D-d= 5; P/H = grad P, where 8 is the gap 
between the string and the concrete block, m; and grad P is the pressure gradient, Pa/m. 

Then formula (1) will look like this: [see original for formula] (2). For the determination 
of the hydraulic resistance factor, it is necessary to calculate the Reynolds' criterion, [See 
original for formula] (3), where v is the kinematic viscosity of the water (at 70 °C, v = 0.5 



In turbulent mode, the factor is determined based on the following formula: [see original 
for formula]. Let us assume the following numeric values: v = 0.5 ■ 10" 6 m 2 /c; d = 0.168 
m; 5 = 0. 1 mm = 1 0" 4 m; grad P = 4 • 10" 6 Pa/m. 

The system of equations (2 - 4) is solved using the method of selection. 

In this manner, through the gap of 0.1 m, at a pressure gradient of 4 MPa/m, 
approximately 22 cub. m of water per day can permeate towards the perforation interval. ' 

The increase in the pressure in the casing string leads to an increase in its diameter. The 
calculations show by how much the pressure in the string should be increased in order to 
increase the string's outer diameter by 0.1 mm for the purpose of covering the micro gap. 

The formula of radial transposition of the outer wall of the pipe under Lame's 
problem (5) looks as follows: [see original for formula] where u is Poinsot's factor; 
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u = 0.25; E is the elasticity module of the steel, E = 2.1. 1 0 5 MPa; P, is the inner pressure, 
MPa; P 2 is the outer pressure, MPa; n is the inner radius of the pipe, m; r 2 is the outer 
radius of the pipe, m, r 2 [illegible] d/r. 

Let P, = P 2 + P cxccss or P, - P 2 = P excess , 

Where P excess is the excess pressure in the string as compared to the outer pressure. 
Then formula (5) will look like this: [see original for formula]. From where we obtain: 
[see original for formula] (6) 

At 6 = 10" 4 m; P 2 = 20 MPa; r, = 0.075 m; r 2 = 0.084 m 
[see original for formula] P excess = 33.7 MPa 

The calculations show that if there is a 0.1 mm gap between the casing string and the 
concrete ring, it is sufficient to create 33.7 MPa pressure in the string in order to cover 
the gap by means of increasing the outer diameter of the string. Such or even greater 
pressure can be created by means of the placement in the string of a bridge made of non- 
explosive breaking mixture, particularly made of limestone mixture for mining and 
drilling operations [6]. 

Non-explosive breaking mixture is used mainly for the breaking of strong brittle 
materials (such as rock), concrete and ferroconcrete products, rock layers, and for the 
mining of natural rock. 

Most frequently, the non-explosive breaking mixtures are powdery non-combustible and 
non-explosive materials, which have alkaline reaction with water (pll 12). When the 
powdered non-explosive breaking mixture is mixed with water, a suspension (work 
mixture) is obtained which, sometime after being poured into the borehole in the object 
that is subject to breaking, sets and hardens while expanding its volume. The volume 
expansion is the result of hydration of the components of the non-explosive breaking 
mixture and leads to the development of hydration pressure in the borehole 
(more than 40 MPa). The effect of the hydration pressure in the body of the object is the 
development of strains that lead to the object's breaking [7]. 

The proposed method of insulation of the casing clearance is applied in the following 
manner. 

A string of pump-compressor pipes is lowered into the drill hole so that the lower end is 
located 10 - 20 m below the interval of perforation of the productive layer. Circulation is 
caused and the drill hole is washed with water cooled to 0-10 °C. 
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The non-explosive breaking mixture is mixed with water at temperature of 0-10 °C. 

With the casing clearance open, the suspension of the non-explosive breaking mixture in 
the pump-compressor pipes is injected in the volume necessary to fill the casing string at 
the interval 10 -20 m. 

The suspension of the non-explosive breaking mixture is injected until its levels in the 
pump-compressor pipes are even in the casing clearance. 

The pump-compressor pipes are elevated to the depth where the lower perforation 
openings are located and, if necessary, the drill hole is washed so as to wash away the 
excess amount of non-explosive breaking mixture. 

The pump-compressor pipes are elevated above the interval of perforation and the casing 
clearance is sealed for the time necessary for the expansion and hardening of the non- 
explosive breaking mixture. 

The drill hole is utilized. 

The advantage of the proposed method is in the fact that the coverage of the channels for 
the permeation of water towards the interval of perforation is done not by means of 
hydraulic pressure on the string, but by means of the creation of a bridge made of 
expanding material in the casing string. This, firstly, eliminates the necessity for the 
installation of a packer and, secondly, reduces the time consumption for the performance 
of the insulation repair operations. 
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Claims: 

1. Method of restoration of the air tightness of casing clearance by means of increasing 
the diameter of the string in the interval of insulation characterized by the fact that the 
string's diameter is increased by using non-explosive breaking mixture, which increases 
in volume when hardening and is injected into the string so as to create a bridge in the 
insulation interval. 

2. Method under Item 1 characterized by the fact that limestone mixture for mining and 
drilling operations is used as non-explosive breaking mixture. 
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Drawings: 

Table 



Properties of the Non-Explosive Breaking Mixture 



Property 


Value 


1 . Water-mixture ratio in the suspension 


0.3-0.5 


2. Powder expenditure, ton per 1 m of volume 


1.8 


3. Spreadability according to the AzNII [Oil Scientific 
Research Institute of Azerbaijan] cone 


20.0-25.0 


4. Density of suspension, g/cub. cm 


1.8 


5. Thickening, at temperatures 20 -25 °C, min. 


120.0 


6. Adherence between the concrete and the string, M Pa 


5.0 


7. Concrete resistance to filtration water, MPa more 
than 


60.0 


8. Pressure during expansion, MPa 


Up to 45.0 
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I, Kim Stewart, hereby certify that the following is, to the best of my 
knowledge and belief, true and accurate translations performed by 
professional translators of the following patents from Russian to English: 

RU2016345C1 
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RU2079633 C1 
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RU2091655C1 
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